Spatial and temporal trends of mercury in freshwater fish in Fennoscandia (1965-2015) by Braaten, Hans Fredrik Veiteberg et al.
RAPPORT L.NR. 7179-2017
ICP Waters report 132/2017
Spatial and temporal trends of mercury in 






International Cooperative Programme on Assessment
and Monitoring Effects of Air Pollution on Rivers and Lakes






Main	Office	 NIVA	Region	South	 NIVA	Region	East	 NIVA	Region	West	 NIVA	Denmark	
Gaustadalléen	21	 Jon	Lilletuns	vei	3	 Sandvikaveien	59	 Thormøhlensgate	53	D	 Ørestads	Boulevard	73	
NO-0349	Oslo,	Norway	 NO-4879	Grimstad,	Norway	 NO-2312	Ottestad,	Norway	 NO-5006	Bergen	Norway	 DK-2300	Copenhagen	
Phone	(47)	22	18	51	00	 Phone	(47)	22	18	51	00	 Phone	(47)	22	18	51	00	 Phone	(47)	22	18	51	00	 Phone	(45)	8896	9670	
Telefax	(47)	22	18	52	00	 Telefax	(47)	37	04	45	13	 Telefax	(47)	62	57	66	53	 Telefax	(47)	55	31	22	14 	

















































1.	 Mercury	 1.	 Kvikksølv	
2.	 Fish	 2.	 Fisk	
3.	 Air	pollution	 3.	 Luftforurensing	



















































































































































































































































































































































































































3 Background and status of knowledge 

































































































































Paasivirta	et	al.	(1981)	 1970-1980	 Pike	 Finland	 1	 ↓	
Åkerblom	and	Johansson	(2008)	 1972-2006	 Perch,	pike	 Sweden	 2223	 ↑↓	
Paasivirta	and	Linko	(1980)	 1973-1978	 n.a.	 Finland	 2	 ↔	
Miller	et	al.	(2013)	 1974-2005	 Perch	 Finland	and	
Sweden	
341	 ↑↓	




Fjeld	and	Rognerud	(2009)	 1991-2008	 Perch	 South	east	Norway	 10	 ↑↔	
Rask	et	al.	(2007)	 1993-2003	 Perch,	pike	 Finland	 1	 ↑↓	
Åkerblom	et	al.	(2012)	 1994-2006	 Pike	 South	to	mid	
Sweden	
25	 ↑↔↓	






























































4 Materials and methods 







































































































































































































































































































5 Results and discussion 
5.1 A general description of the database 






















































































































































































































































































































































































































































Country/region	 Species	 Lake	counts	(n)	 Fish	counts	(n)	
Fish	Hg	concentrations	per	lake	(ppm,	wet	weight)	
Median	 10th	percentile	 90th	percentile	
Sweden	 Arctic	charr	 9	 688	 0.140	 0.029	 1.300	
Brown	trout	 2	 20	 0.486	 0.439	 0.532	
Perch	 247	 11564	 0.245	 0.084	 0.792	
Pike	 2172	 22278	 0.630	 0.261	 1.149	
Roach	 5	 144	 0.440	 0.085	 0.520	
	 	 	 	 	 	 	
Finland	 Brown	trout	 9	 160	 0.077	 0.026	 0.308	
Perch	 582	 8326	 0.190	 0.080	 0.500	
Pike	 260	 5711	 0.480	 0.206	 1.076	
Roach	 48	 681	 0.340	 0.172	 0.584	
	 	 	 	 	 	 	
Norway	 Arctic	charr	 6	 111	 0.324	 0.057	 0.800	
Brown	trout	 73	 1866	 0.145	 0.054	 0.562	
Perch	 62	 2554	 0.335	 0.150	 0.651	
Pike	 11	 212	 0.510	 0.089	 1.200	
Roach	 3	 49	 0.370	 0.086	 0.558	
	 	 	 	 	 	 	
Kola	peninsula	 Perch		 16	 189	 0.120	 0.043	 0.567	
Pike	 1	 10	 0.065	 0.065	 0.065	
	 	 	 	 	 	 	
Summary	 Arctic	charr	 15	 799	 0.100	 0.024	 0.400	
	 Brown	trout	 84	 2046	 0.124	 0.042	 0.550	
	 Perch	 905	 22633	 0.187	 0.070	 0.560	
	 Pike	 2441	 28211	 0.640	 0.253	 1.130	










Country/region	 Species	 Lake	counts	(n)	 Fish	counts	(n)	
Fish	Hg	concentrations	per	lake	(ppm,	wet	weight)	
Median	 10th	percentile	 90th	percentile	
Sweden	 Arctic	charr	 9	 688	 0.331	 0.047	 4.308	
Brown	trout	 2	 20	 0.084	 0.076	 0.092	
Perch	 247	 11564	 0.209	 0.074	 1.047	
Pike	 2172	 22278	 0.671	 0.281	 1.325	
Roach	 5	 144	 0.370	 0.182	 1.072	
	 	 	 	 	 	 	
Finland	 Brown	trout	 9	 160	 0.179	 0.074	 0.475	
Perch	 582	 8326	 0.252	 0.082	 1.001	
Pike	 260	 5711	 0.737	 0.268	 2.253	
Roach	 48	 681	 0.459	 0.181	 1.276	
	 	 	 	 	 	 	
Norway	 Arctic	charr	 6	 111	 0.282	 0.025	 1.463	
Brown	trout	 73	 1866	 0.367	 0.116	 3.121	
Perch	 62	 2554	 0.282	 0.091	 1.531	
Pike	 11	 212	 0.636	 0.182	 1.882	
Roach	 3	 49	 0.228	 0.149	 0.889	
	 	 	 	 	 	 	
Kola	peninsula	 Perch		 16	 189	 0.068	 0.015	 0.219	
Pike	 1	 10	 0.164	 0.164	 0.164	
	 	 	 	 	 	 	
Summary	 Arctic	charr	 15	 799	 0.131	 0.032	 0.455	
	 Brown	trout	 84	 2046	 0.333	 0.082	 2.299	
	 Perch	 905	 22633	 0.347	 0.094	 1.697	
	 Pike	 2441	 28211	 0.714	 0.272	 1.603	










Country/region	 Species	 Lake	counts	(n)	 Fish	counts	(n)	
Fish	Hg	concentrations	per	lake	(ppm,	wet	weight)	
Median	 10th	percentile	 90th	percentile	
Sweden	 1-kg	pike	 2292	 34691	 0.64	 0.25	 1.32	
	 	 	 	 	 	 	
Finland	 1-kg	pike	 699	 14905	 0.60	 0.21	 1.61	
	 	 	 	 	 	 	
Norway	 1-kg	pike	 126	 4765	 0.49	 0.13	 1.32	
	 	 	 	 	 	 	
Kola	peninsula	 1-kg	pike	 16	 199	 0.22	 0.09	 0.67	
	 	 	 	 	 	 	












5.2 Spatial patterns and temporal trends for the complete database 







































































































































1965-75	 0.48	±	0.15	 100	 0.21	±	0.07	 100	 -	 -	
1976-85	 0.18	±	0.15	 38	 0.12	±	0.07	 57	 -	 -	
1986-95	 0.07	±	0.10	 15	 0.11	±	0.10	 52	 -	 -	
1996-05	 0.16	±	0.22	 33	 0.17	±	0.20	 81	 -	 -	
2006-15	 0.16	±	0.20	 33	 0.51	±	1.08	 243	 -	 -	
Brown	trout	
1965-75	 0.13	±	0.08	 100	 0.64	±	0.49	 100	 -	 -	
1976-85	 0.45	±	0.26	 346	 0.25	±	0.19	 39	 -	 -	
1986-95	 0.10	±	0.06	 77	 0.49	±	0.43	 77	 -	 -	
1996-05	 0.27	±	0.40	 208	 0.34	±	0.37	 53	 -	 -	
2006-15	 0.19	±	0.22	 146	 2.19	±	3.96	 342	 -	 -	
Perch	
1965-75	 0.64	±	0.49	 100	 0.88	±	0.73	 100	 -	 -	
1976-85	 0.62	±	0.43	 97	 0.56	±	1.72	 64	 -	 -	
1986-95	 0.33	±	0.27	 52	 0.52	±	1.90	 59	 -	 -	
1996-05	 0.23	±	0.21	 35	 1.06	±	1.57	 120	 -	 -	
2006-15	 0.24	±	0.23	 36	 0.61	±	0.82	 69	 -	 -	
Pike	
1965-75	 0.82	±	0.62	 100	 1.02	±	0.85	 100	 0.88	±	0.59	 100	
1976-85	 0.77	±	0.44	 94	 0.98	±	2.05	 96	 0.82	±	0.46	 93	
1986-95	 0.71	±	0.42	 87	 0.87	±	0.77	 85	 0.77	±	0.46	 88	
1996-05	 0.65	±	0.55	 79	 0.79	±	1.06	 77	 0.67	±	0.55	 76	
2006-15	 0.63	±	0.51	 77	 0.77	±	0.85	 75	 0.65	±	0.45	 74	
Roach	
1965-75	 0.51	±	0.24	 100	 0.71	±	0.56	 100	 -	 -	
1976-85	 0.43	±	0.26	 84	 0.59	±	0.53	 83	 -	 -	
1986-95	 0.50	±	0.24	 98	 0.40	±	0.22	 56	 -	 -	
1996-05	 0.08	±	0.03	 16	 0.19	±	0.09	 27	 -	 -	
2006-15	 0.27	±	0.24	 53	 0.51	±	0.53	 72	 -	 -	
All	species	summarised	
1965-75	 0.74	±	0.57	 100	 0.94	±	0.80	 100	 -	 -	
1976-85	 0.74	±	0.44	 100	 0.92	±	1.98	 98	 -	 -	
1986-95	 0.63	±	0.43	 85	 0.80	±	1.05	 85	 -	 -	
1996-05	 0.40	±	0.45	 54	 0.88	±	1.32	 94	 -	 -	

















Figure	17	Weight-adjusted	 fish	Hg	concentrations	 for	 (from	top	to	bottom,	with	direction	and	significance	of	
temporal	trend)	Arctic	charr	(r=0.21;	p=0.06),	brown	trout	(r=0.28;	p=0.003),	perch	(r=-0.04;	p=0.05),	pike	(r=-
0.08;	p<0.0001)	and	roach	(r=-0.17;	p=0.09).	Each	circle	represents	mean	Hg	concentration	per	year.	N	=	6	368	













5.3 Spatial patterns and temporal trends for lakes mainly influenced 
by atmospheric mercury deposition 
































































































Country/region	 Species	 Lake	counts	(n)	 Fish	counts	(n)	
Fish	Hg	concentrations	per	lake	(ppm,	wet	weight)	
Observed	Hg	 Weight-adjusted	Hg	 Standard	1-kg	pike	
Sweden*	 	 	 	 median	 10th	 90th	 median	 10th	 90th	 median	 10th	 90th	
Arctic	char	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	
Brown	trout	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	
Perch	 13	 1473	 0.20	 0.08	 0.39	 0.56	 0.12	 3.27	 0.57	 0.24	 1.72	
Pike	 9	 344	 0.88	 0.50	 1.40	 1.08	 0.27	 1.68	 0.97	 0.37	 1.51	
Roach	 1	 57	 0.28	 0.28	 0.28	 0.37	 0.37	 0.37	 0.83	 0.83	 0.83	
	 	 	 	 		 		 		 		 		 		 		 		 		
Finland	 Arctic	char	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	
Brown	trout	 9	 160	 0.07	 0.03	 0.31	 0.22	 0.08	 0.43	 0.14	 0.05	 0.32	
Perch	 495	 6778	 0.21	 0.08	 0.57	 0.24	 0.09	 0.69	 0.51	 0.21	 1.26	
Pike	 211	 4407	 0.47	 0.18	 1.0,	 0.62	 0.25	 1.72	 0.56	 0.22	 1.39	
Roach	 39	 328	 0.36	 0.17	 0.61	 0.36	 0.16	 0.77	 0.95	 0.46	 1.65	
	 	 	 	 		 		 		 		 		 		 		 		 		
Norway	 Arctic	char	 2	 18	 0.06	 0.06	 0.07	 0.06	 0.02	 0.09	 0.10	 0.07	 0.12	
Brown	trout	 49	 1040	 0.13	 0.05	 0.47	 0.32	 0.08	 1.47	 0.27	 0.08	 0.50	
Perch	 53	 2270	 0.35	 0.15	 0.69	 0.31	 0.12	 1.62	 0.77	 0.28	 1.43	
Pike	 6	 120	 0.48	 0.06	 1.22	 0.61	 0.16	 1.21	 0.54	 0.11	 1.13	
Roach	 1	 20	 0.56	 0.56	 0.56	 0.89	 0.89	 0.89	 1.51	 1.51	 1.51	
	 	 	 	 	 	 	 	 	 	 	 	 	
Kola	peninsula	 Perch		 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	
Pike	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	
	 	 	 	 	 	 	 	 	 	 	 	 	
Summary	 Arctic	char	 2	 18	 0.06	 0.06	 0.07	 0.06	 0.02	 0.09	 0.10	 0.07	 0.12	
	 Brown	trout	 58	 1200	 0.13	 0.05	 0.46	 0.41	 0.08	 1.29	 0.30	 0.07	 0.46	
	 Perch	 561	 10521	 0.21	 0.09	 0.57	 0.25	 0.10	 0.83	 0.55	 0.23	 1.30	
	 Pike	 226	 4871	 0.49	 0.22	 1.10	 0.70	 0.25	 1.70	 0.60	 0.22	 1.41	
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